We analyzed the structural differences of h2o molecules in water nanodroplet on graphene ((h2o)98 on graphene) model by using the density functional theory. 98 h2O molecules on graphene were classified into four groups based on the surrounding condition (bulk region, water-gas interface, water-graphene interface, and water-graphenegas interface). The o-h distances and vibrational frequencies of h2o molecules near the gas region were wider distributions compared with the h2o molecules in the bulk region, whereas narrower distributions were obtained near the graphene interface.
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Introduction
The wettability control at interface is an important issue to improve the thermal energy transfer. Recently, it was experimentally observed that the wettability on graphene surface changes with the change in the number of graphene layers [1] . This result indicates that the electronic structure of graphene changes the wettability. In addition, the physical properties of water nanodroplet, such as boiling and melting points, drastically change in comparison with the bulk water when the size of water nanodroplet becomes small [2] . This result indicates that the inhomogeneous hydrogen bonds in water nanodroplet affect the physical properties of water. It is expected that the understanding based on the electronic structure theory may contribute to control the wettability of interface from the atomic scale. In this study, we analyzed the geometry and vibrational frequencies of h2o in water nanodroplet on graphene by using density functional theory (DFT) to understand the properties of water near interface.
Theory
all DFT calculations were performed using the Vienna ab initio simulation package (VasP) [3, 4] with the projector augmented wave method. The Perdew-Burke-Ernzerhof in generalized gradient approximations was used for the exchange and correlation functional. The cutoff energy was set to be 400 eV. 1 × 1 × 1 k-point was sampled by the monkhorst-Pack grid method.
Results and Discussion
We first validated the accuracy of computational setting in this study. The geometrical parameters (o-h distance (R(oh)) and angle (θ(hoh))) and vibrational frequencies (symmetric stretch (v1), bending (v2), and asymmetric stretch (v3)) of isolated h2o molecule are shown We next optimized the model structure of water nanodroplet consisting of 98 h2o molecules (ca. 2.2 nm) on graphene as shown in Figure 1 . The initial structure of water nanodroplet was prepared by the Packmol [7] . h2o molecules in nanodroplet were classified into four groups based on the surrounding condition. 31, 49, 5, and 13 h2o molecules are included in the bulk, water-gas interface, water-graphene interface, and water-graphene-gas interface, respectively.
We analyzed the distributions of o-h distances and vibrational frequencies for each group of h2o. In 
Conclusions
To understand the wettability of water on graphene, we analyzed the structural difference of h2o molecules in water nanodroplet on graphene by using DFT. the water in bulk region, water-gas interface, water-graphene interface, and water-graphene-gas interface, respectively.
